originally to do the work that developed methods for isolation of highly purified brush-border membranes from biopsy specimens as small as 10-15mg (Schmitz et al., 1973) . In one early test, we found no difference in the banding pattern on gel electrophoresis between the brush-border membrane of a normal and a glucose-galactose-malabsorption biopsy. However, our further studies of reconstitution of glucose and amino acid transport (Fairclough et al., 1979) suggest that no difference would have been expected. We have progressed in purification to the point where a single protein band at 160000 daltons appears to be identified with active reconstituted preparations (Malathi et al., 1980). However, final proof that this band represents transporters still eludes us. Moreover, with regard to the identification of a loss of protein with a loss of glucose transport in glucose-galactose malabsorption, the probability that this band represents other transport systems in addition to glucose greatly lessens the chances at least at the present stage of purification. Semenza, G. (1979) The muscular dystrophies comprise several inherited diseases of skeletal muscle that are distinguished on clinical and genetic grounds (Walton & Gardner-Medwin, 1974) . The best known of these is Duchenne muscular dystrophy, which shows an X-chromosome-linked recessive mode of inheritance. Its onset is probably before birth, it is clinically evident at about 3-5 years of age, after which there is progressive weakness and death at around 20 years. Its progress is associated with the gradual degeneration and disappearance of muscle fibres, which become replaced by fat and connective tissue. Abortive regeneration of muscle fibres also occurs. which complicates biochemical investigation of the degenerative changes. The etiology of the disease is unknown, despite much research on it and also on inherited muscle disorders in mice, chickens and hamsters; these show some similarities to the human disease.
Unless it is made clear otherwise, the studies mentioned here have all been concerned with the Duchenne form of muscular dystrophy; this has been by far the most frequently studied form. Some membrane studies have also been carried out with myotonic dystrophy, a disease in which, in addition to muscle wasting, there is also a delay in relaxation of contracted muscles . and in which there are recognized abnormalities in other tissues: some of these studies will be mentioned.
Duchenne dystrophy is characterized by a substantial leakage of many soluble muscle proteins into the blood. The activity of creatine kinase, for example, in plasma can reach several hundred times the normal values: this is much higher than occurs in other forms of muscular dystrophy. There appears to be considerable selectivity in the leakage of different muscle enzymes; factors such as their molecular weight and intracellular binding may be important here. Elevated enzyme activities in plasma occur even in the very early stages of the disease, (probably before birth) and have been taken to indicate an early, possibly primary, involvement of the plasma membrane of the fibres in the disease. lSee Pennington (1977) for fuller discussionl.
The muscle fibre is enclosed by a plasma membrane, which is extensively invaginated into transverse tubules (the T-system). Surrounding the plasma membrane is the basement membrane. The term 'sarcolemma' is usually used to include both plasma membrane and basement membrane. Isolation of the sarcolemma in reasonably pure form is difficult. and many variations in procedure have been published I reviewed by del M o h o & Cabezas (1979)l. By controlling the disruption of the muscle, it is possible to obtain the membrane finally in the form of hollow tubes or thin sheets, which can be identified microscopically. Many workers have used a more rigorous 591st MEETING, NEWCASTLE UPON TYNE breakdown procedure, which results in vesiculation of the sarcolemmal fragments: the vesicles must be separated by density-gradient centrifuging from vesicles arising from other membranes such as the sarcoplasmic reticulum, and identified by suitable markers. Removal of myofibril proteins-a major problem-has been accomplished either with a medium of low ionic strength or with strong salt solutions. The yield of sarcolernma is small, less than 1 mg of protein per g of muscle. A procedure has also been described (Lau et al., 1977) that is claimed to allow the separate isolation of the T-tubules.
Isolated sarcolemma contains the enzyme activities usually associated with plasma membranes, such as (Na+ + K+)-ATPase, 5'-nucleotidase, aminopeptidase and adenylate cyclase. Reliable data for its detailed lipid composition are lacking because of contamination of the preparations with other membranes: perhaps also for this reason, the reported sodium dodecyl sulphate/polyacrylamide-gel-electrophoretic protein patterns show much variation. Ultrastructural studies by Mokri & Engel (1975) and others have shown the presence of focal disruptions of the sarcolemma in muscular dystrophy. Added horseradish peroxidase was able to penetrate the fibres at these sites. The adjoining area of the fibre showed structural abnormalities ('delta lesions'). One probable consequence of the existence of such 'holes' would be the penetration of Ca2+ from the extracellular space (where the concentration is several orders higher than that in the cell). leading to degenerative changes in the fibre. Focal alterations in the distribution of concanavalin A-binding sites have also been reported. Until more is known of the frequency of such lesions in the early stages of the disease, it is difficult to evaluate their contribution to the enzyme leakage. This may chiefly result. rather. from a more general abnormality. at the molecular level, in the membrane. Freeze-fracture studies (Schotland et al. 1980) show a non-uniform distribution and depletion of intramembranous particles (thought to be proteins) on both surfaces of the sarcolemma in muscular dystrophy, and also a depletion of orthogonal arrays. The possibility that this was due to the presence of immature, regenerating, fibres does not seem to have been excluded. however. A difference in particle density. if confirmed, implies that there will be appreciable changes in the chemical and possibly enzymic composition. However. owing to the difficulty in obtaining the purified membranes, little reliable data on their detailed composition is available. Peter el al.
(1974) could find no differences in the proportions of the various phospholipid classes or in the activities of ATPases in dystrophic-muscle sarcolemma. Several studies on adenylate cyclase in muscle homogenates have indicated abnormalities in this enzyme, which appears to be mainly associated with the plasma membrane.
In the myopathic hamster, changes in the activity of (Na+ + K+)-ATPase and adenylate cyclase in the sarcolemma have been reported, but only in the later stages. Sarcolemmal abnormalities in the dystrophic chicken. (in particular. greater density of caveolae). shown by freeze-fracture studies. have been reported. A comprehensive study on isolated sarcolemma from dystrophic mice (de Kretser & Livett. 1977) showed differences in lipid composition, but no alteration in enzyme activities. However. the ATPase activity of the dystrophic sarcolemma was stimulated by ouabain. in contrast with the inhibition seen in normal preparations: this was of particular interest in view of a similar finding with erythrocytes (Table I ).
Yet another possibility is that the accelerated enzyme efflux from the fibre is a consequence of a reduced supply of energy to the plasma membrane. resulting from defective energy production or coupling. There is evidence that interference with energy production can increase the outflow of intracellular enzymes.
There is no convincing evidence for abnormally high leak-age of enzymes from tissues other than skeletal muscle in muscular dystrophy. The possibility has been widely considered, howVol. 8 ever, that there may be a generalized membrane defect in the disease. which is manifested less dramatically in tissues other than muscle. Because of the relative availability of blood cells, a variety of investigations on erythrocyte 'ghosts' obtained from patients' blood have been carried out, and several abnormalities have been reported (Table 1) . Unfortunately some of these findings have not been always repeatable by other workers and remain in doubt. Some of the changes have also been claimed to be present in the genetic carriers of the disease. Some have been found, in addition, in one or more of the animal myopathies. The variability in the results reported with the isolated erythrocyte membranes is probably due at least partly to the use of different procedures for lysis of the cells and washing the 'ghosts'. The duration and conditions of storage of the erythrocytes and 'ghosts' have also varied. The importance of using suitable (age-and sex-matched) controls has not always been appreciated.
There is no convincing evidence from these studies that there are changes in chemical composition of the erythrocyte membrane in muscular dystrophy. The reported changes in lipids (see Table 1 ) mainly concern minor components. which are difficult to measure accurately. No changes in protein composition have been revealed by electrophoresis, although there is need for the application of more discriminating techniques. The abnormalities, if present, may be more subtle structural ones. as may be indicated by the experiments with membrane probes. These, in turn. may be responsible for changes in enzyme characteristics, by alteration of the enzyme environment. and presumably also for the physical changes such as deformibility.
A major question in relation to the etiology of the disease is whether any of the reported erythrocyte-membrane abnormalities are present when the cell is formed or are subsequently induced by some disease-associated factor carried in the plasma. Clearly the first alternative would indicate that such abnormalities were more closely related to the fundamental genetic defect. It has been reported that the abnormal response of the ATPase to ouabain can be induced in normal erythrocytes by contact with plasma from patients, but otherwise this question seems to have been very little explored.
Apart from the studies with erythrocytes, an abnormality in cap formation in lymphocytes has also been reported, suggesting a membrane change, although, again, this has not been consistently .reproduced. Cultured skin fibroblasts have also been studied, and there are reports of changed activity of their membrane-associated enzyme y-glutamyltransferase and of altered adhesiveness of the cells in culture, presumably due to altered surface characteristics.
In conclusion, a large number of membrane abnormalities have been described in muscular dystrophy, particularly in erythrocytes, but more work is required to substantiate many of these and establish the conditions under which they can be observed. It will then be more feasible to explore the relationships between the changes and their relationship to the fundamental genetic defect.
